ABSTRACT: This study characterized physiological responses to repeated transportation (TRANS) of gestating cows of differing temperaments. Cows were classified as Calm (C; n = 10), Intermediate (I; n = 28), or Temperamental (T; n = 10). Based on artificial insemination date and pregnancy confirmation, cows were TRANS for 2 h on d 60 (TRANS1), 80 (TRANS2), 100 (TRANS3), 120 (TRANS4), and 140 (TRANS5) ± 5 d of gestation. Indwelling vaginal temperature (VT) monitoring devices were inserted 24 h before each TRANS with VT recorded from 2 h before TRANS and averaged into 5-min intervals through 30 min after TRANS. Serum samples were collected before loading and on unloading from the trailer to determine concentrations of cortisol, glucose, and nonesterified fatty acids (NEFA). Data were analyzed by repeated measures analysis in SAS. Serum cortisol concentrations were affected by temperament (P < 0.001), with T cows having the greater concentrations of cortisol before each TRANS event. All cows (100%) regardless of temperament exhibited elevations in cortisol following each TRANS event. Peak VT was greater (P < 0.001) at TRANS1 relative to all other TRANS events regardless of cow temperament. During TRANS, the T cows tended (P < 0.09) to have greater peak VT (39.86 ± 0.15°C) compared to C (39.41 ± 0.16°C) and I cows (39.55 ± 0.08°C). Area under the VT curve decreased (P = 0.002) from TRANS1 through TRANS5. Pre-TRANS serum glucose concentration at TRANS1 was greater (P < 0.03) for T (68.13 ± 4.31mg/dL) compared to I (53.42 ± 2.78 mg/dL) and C cows (52.76 ± 4.60 mg/dL). The C and I cows had greater changes in NEFA concentration between preand post-transport, and T cows showed the least change (P < 0.001). Cow VT and serum glucose concentration decreased in all temperaments (P < 0.01) with repeated TRANS; however, serum NEFA concentration post-TRANS did not vary (P > 0.10) with repeated TRANS events. Serum glucose concentrations were affected (P < 0.02) by a TRANS event by temperament interaction with T cows taking more TRANS events to decrease their change in glucose concentration compared to C and I cows. These results demonstrate that temperament influences physiological responses to stress in gestating Brahman cows. Although repeated transport in our study is confounded with day of gestation, seasonal changes, and learning from repeated handling and transport, repeated transport is a useful model of repeated stress in studying the effects of temperament.
INTRODUCTION
Transportation can be stressful for animals and result in economic losses (Speer et al., 2001) . The stress experienced during transport is related to temperament, handling, ambient temperature, season, stocking density, commingling, and the distance traveled (Tarrant et al., 1992; Arthington et al., 2003; Fazio et al., 2008) .
The hypothalamic-pituitary-adrenal axis and the sympathetic system of the animal are activated when the animal must cope with an acute stressor, resulting in secretion of cortisol and catecholamines (Sapolsky et al., 2000; Chrousos, 2009 ). Cortisol and catecholamines affect metabolic, immune, and reproductive functions (Sapolsky et al., 2000; Chrousos, 2009) .
The definition of the term temperament differs depending on the species and management conditions being evaluated and covers traits such as aggressiveness, avoidance of novelty, willingness to take risks, exploration, and sociality (Reale et al., 2007) . Kilgour (1975, p. 615) states "Temperament could be defined as the behavioral characteristics resulting from the individual's physical, hormonal and nervous organizations, which contributes to the unique disposition of one animal in contrast to other species members." Fordyce et al. (1985) defined temperament as the animal's behavioral response to handling and can be manifested as fear or aggression. Gutierrez-Gil et al. (2008, p. 629) state that "Animal temperament involves different elements; some of these, such as docility, workability, disposition and fearfulness are of primary importance for animal management". Temperamental cattle display greater cortisol and catecholamine concentrations relative to Calm cattle (Stahringer et al., 1990; Curley et al., 2006 Curley et al., , 2008 Burdick et al., 2010) . Temperamental cattle have reduced meat quality, lower ADG, and present problems to handlers (Voisinet et al., 1997a,b) .
We (Lay et al., 1996) and others (Lambooy and Hulsegge, 1988; Fisher et al., 1999; Merrill et al., 2010) previously demonstrated pregnant cattle were affected by transportation, as evidenced by changes in body weight, percent shrink, and circulating concentrations of cortisol, glucose, minerals, and pregnancy rate. As none of these reports took season of transport or animal temperament into consideration, we investigated if the temperament of pregnant Brahman cattle affected their responses to transportation. Acquisition of such information is important for future efforts to determine the windows or periods of sensitivity when developing offspring are susceptible to environmental, biological, or psychosocial stimuli or stressors that may be experienced by their dam (Matthews, 2002) . Therefore, the objective of this experiment was to observe the physiological and metabolic responses of gestating Brahman cows of differing temperaments.
MATERIALS AND METHODS
All experimental procedures were in accordance with the Guide for the Care and Use of Agricultural Animals in Research and Teaching and approved by the Institutional Animal Care and Use Committees of Texas A&M University.
Animal Procedures
Brahman cows (n = 48) in the Texas A&M AgriLife Research Center's research herd at Overton were artificially inseminated following naturally occurring estrus for this study. Stage of pregnancy was confirmed by palpation per rectum and compared with records of insemination dates. Cows remained in their common pasture environment before and after a total of 5 transport events (TRANS) that occurred at 20-d intervals over 80 d of gestation (at 60, 80, 100, 120 , and 140 ± 5 d of gestation) from July to December 2011. Specifically, group 1 (n = 8) was transported beginning July 21, 2011, group 2 (n = 7) began on August 1, 2011, group 3 (n = 9) began on August 12, 2011, group 4 began on August 23, 2011, group 5 (n = 14) began on September 2, 2011, and group 6 (n = 10) began on September 13, 2011. These TRANS groups were balanced with regard to cow temperament. Repeated TRANS may also encompass the influence of time of year and familiarization of the cows with the procedures. The cows were transported in the same 3-section trailer (2.4 × 7.3 m) over the same paved roads and the same route for 2 h at an average of 75 km/h (150 km) in groups of 7 to 10 cows per transportation event. Each cow was classified into 1 of 3 temperament classifications: 1) Calm (n = 10), 2) Intermediate (n = 28), 3) Temperamental (n = 10) based on their temperaments determined at weaning using pen score (King et al., 2006) and again as adult cows as scored by the herdsman following at least 3 yr of observation (Stahringer et al., 1990) . The animals were classified as 1) Calm (weaning pen score of 1 or 2 and mature score of 1), 2) Intermediate (weaning pen score of 2 or 3 and mature score of 2), or 3) Temperamental (weaning pen score of 4 or 5 and mature score of 3; Stahringer et al., 1990) . Pen score (Hammond et al., 1996) is a subjective measure of temperament assigned by a skilled observer based on the calf's reaction to the observer when animals are separated in a small pen in groups of 3 to 5 calves. A calf is given a score of a 1 if it is docile, walks slowly, and allows the observer to approach without reacting to the observer. A score of a 2 is assigned if the calf is aware of the observer, slightly flighty, and stands away from the observer in the corner. The calf is given a score of 3 if they are fully aware of the observer's position, move away from the observer, and run along the fence with their heads raised when approached. Calves that are flighty and aware of the observer and will run along the fences and often into gates are assigned a score of a 4. A score of a 5 is given to calves that are very flighty. These calves will run into gates, fences, or humans that are in their way as they try to escape from the pen. Calves that receive a score of a 5 are allowed to exit the pen to avoid their agitating other calves, particularly if others are calm. All pen scores and temperament scores were assigned by the same skilled herdsman, thereby alleviating interobserver variation
The breed average for gestation length of Brahman cows is 292 d (Randel, 1994) . Cows were always transported at the same time of the morning with a minimum of 2 cows per section of the trailer. Each cow was subjected to five 2-h TRANS events on 60, 80, 100, 120, and 140 ± 5 d of gestation. A minimum of 24 h before each TRANS event, indwelling vaginal temperature (VT) devices (Burdick et al., 2012) were inserted into the cows and VT were recorded continuously from 24 h prior, during, and through 24 h post cessation of TRANS. Cow body weight was recorded and blood samples were collected by puncture of a tail vessel immediately before and after each TRANS event. The cows were weighed using the same electronic scale (accuracy checked using calibrated weights before weighing) in the same facility at each collection. The average elapsed time from beginning the procedures to loading on the trailer was 15.63 min. The percent shrink of each animal was calculated for each TRANS event. Environmental temperature, which was recorded hourly for each date of TRANS, was obtained from the Texas A&M AgriLife Research weather station in Overton, TX (32.27°N, −94.98°W, 153-m altitude) and is presented as Table 1 . The ambient temperature ranged from a high of 31.2°C to a low of 14.1°C over the course of the experiment.
Blood samples were collected into 15-mL vacuum tubes (BD, Franklin Lakes, NJ) with no additives using a sterile 20-gauge needle. Samples were refrigerated overnight at 4°C before being centrifuged at 1700 × g for 25 min at 6°C. The serum was stored in aliquots at −80°C until analyses were performed.
Cortisol Radioimmunoassay (RIA)
Cortisol concentrations were determined from duplicate samples using a single-antibody cortisol radioimmunoassay (RIA) procedure (Willard et al., 1995; Curley et al., 2010) and utilized: rabbit anticortisol antiserum (Pantex, Div. of Bio-Analysis Inc., Santa Monica, CA, Cat. #P44) diluted 1:2,500; standards made by serial dilution (8,000 pg/100 μL to 3.9 pg/100μL) of 4-pregnen-11β,17,21-triol-3,20-dione (Steraloids Inc., Newport, RI, Cat. #Q3880-000); and radio-labeled cortisol: 3 H-Hydrocortisone ( 1,2,3 H, NEN, Boston, MA, Cat. #NET-185). Counts per minute were obtained from a liquid scintillation spectrophotometric β-counter (Beckman Coulter LS 6500) and unknown cortisol concentrations were calculated using Assay Zap software (Biosoft, Cambridge, UK). Cortisol antiserum cross-reactivity was: corticosterone, 60%; deoxycorticosterone, 48%; progesterone, 0.01%; and estradiol, 0.01%. Interassay and intraassay CV were 11.9% and 13.3%, respectively. Data are presented as ng/mL.
Glucose Assay
The Wako Autokit for Glucose (Code-No. 439-90901; Wako Diagnostics, Richmond, VA) was used to determine the glucose concentrations of samples as described by Burdick Sanchez et al. (2014) . Absorbance was measured at 505 nm with a spectrophotometer. The interassay CV was 1.89%. Data are presented as mg/dL.
NEFA Assay
The enzymatic HR Series NEFA-HR (2) assay (Wako Diagnostics, Richmond, VA) was modified to fit a 96-well format and used to determine NEFA concentrations as described by Burdick Sanchez et al. (2014) . The minimum detectable concentration for this assay was 0.0014 mmol/L and the intra-and interassay CV were 7.16% and 11.26%, respectively. Data are presented as mEq/L.
Statistical Analysis
All statistical analyses were performed using SAS software (SAS Inst. Inc., Cary, NC). In all analyses, an α of P < 0.05 denoted significance and an α of P > 0.05 and P < 0.1 was a tendency. Data for VT, area under the VT curve (AUC VT), and serum concentrations of cortisol, glucose, and NEFA were analyzed using GLM procedures specific for repeated measures. Transportation event (1 to 5) and temperament were included as fixed effects along with the interaction of TRANS event and temperament. In this study, TRANS 
where VT is the vaginal temperature at a given time point and min is the time summed in 5-min intervals during the transport period between the 2 vaginal temperatures. The weather data were analyzed using the mixed model of SAS with date and transport group as fixed effects.
RESULTS
This investigation into the physiological and metabolic effects of repeated transportation of pregnant Brahman cows of varying temperaments included vaginal temperatures; serum concentrations of cortisol, glucose, and NEFA; and the percentage of weight lost (shrink). Serum concentrations of glucose and NEFA were measured as metabolic indicators of the cows' stress response.
Vaginal Temperatures
With regard to VT before transportation (Table 2) , temperament affected VT (P < 0.03) whereby Calm cows exhibited greater basal VT than the Temperamental cows. Transportation event also affected (P < 0.001) the basal VT, with decreased basal VT observed before each subsequent TRANS event. This coincided with decreased (P < 0.001) ambient temperature (Table 1) over the length of the experiment. All cows, regardless of temperament, tended (P = 0.066) to exhibit increased VT relative to basal VT during each TRANS event (Fig. 1) . The change in VT was affected by temperament (P < 0.02), as the greatest change from basal temperatures was observed in the Temperamental cows during each TRANS event relative to the Calm and Intermediate cows. Additionally, temperament had a 1 Pre-TRANS VT statistics: temperament, P < 0.03; TRANS event P < 0.001; temperament × TRANS event, P = 0.088.
2 Area under the VT curve statistics: temperament, P > 0.2; TRANS event, P = 0.002; temperament × TRANS event, P > 0.5. Peak VT in all cows decreased with subsequent transportation events and seasonal progression from Summer to Fall (P < 0.001). This coincided with the decrease in average ambient temperature (P < 0.001) observed over the course of the study. tendency (P < 0.09) to affect peak VT during TRANS (Fig. 2) , as Temperamental cows had the numerically greater peak VT. Peak VT in Calm cows was repeatedly observed to be less than peak VT in Temperamental cows. Transportation event affected (P < 0.01) peak VT during TRANS with cows having the greatest peak VT at TRANS1. There was no temperament by TRANS event interaction (P > 0.3) observed for peak VT during TRANS. The AUC was calculated for VT to examine the effect of temperament on VT by TRANS event. All cows had increased (P < 0.01; Table 2 ) AUC VT during all TRANS events. However, there was no effect (P > 0.2) of temperament, nor was there a temperament by TRANS event interaction (P > 0.5) on AUC VT.
Cortisol
Temperament affected (P < 0.01) the serum cortisol concentration of pregnant Brahman cows (Fig. 3) , with Temperamental cows displaying greater cortisol concentrations pre-TRANS relative to Calm and Intermediate cows. Transportation event also affected (P < 0.02) serum cortisol concentrations pre-TRANS. There was no TRANS event by temperament interaction (P > 0.4) observed for serum cortisol concentrations pre-TRANS. Examining cortisol differences between post-and pre-TRANS (Table 3) , there were no effects of TRANS event (P > 0.5) or temperament (P > 0.9); however, there was a tendency (P = 0.10) for a temperament by TRANS event interaction. All cows regardless of temperament displayed increased cortisol concentrations following each TRANS event.
Glucose
Similar to the results for cortisol, serum glucose concentrations pre-TRANS were greater (P < 0.03) in Temperamental cows than in Calm cows for all TRANS events (Table 4) . Serum glucose concentrations pre-TRANS were also affected by TRANS event (P < 0.001). Temperament (P > 0.1) had no effect on differences between pre-and post-TRANS serum glucose concentrations (Table 4 ). However, there was an effect of TRANS event (P < 0.001) and a temperament by TRANS event (P < 0.02) interaction. All cows had decreased differences in glucose concentrations with each subsequent TRANS event. Both Calm and Intermediate cows displayed less change in glucose concentrations with each subsequent TRANS event; this progression of a reduced degree of change in glucose concentrations was least pronounced in the Temperamental cows.
Nonesterified fatty acids
There was no effect of temperament (P > 0.3), TRANS event (P > 0.8), or temperament by TRANS event interaction (P > 0.5) on post TRANS NEFA concentrations (Table 5 ). The differences in NEFA concentrations between post-and pre-TRANS values (Table  5) were affected by temperament (P < 0.01), with Temperamental cows having the least change in NEFA concentrations compared to Calm and Intermediate cows. Transportation event (P < 0.001) also affected the change in NEFA concentrations, as all cows exhibited variable There was no interaction (P > 0.1) observed.
Shrink
The percent shrink was calculated from cow body weights taken before and after each TRANS event. All cows exhibited shrink during each TRANS event (Fig. 4) , with the greatest shrink occurring on the first instance of transport (and usually the warmer days of TRANS). There was no effect of temperament (P = 0.471), nor was there an interaction of temperament with TRANS event (P = 0.738). Transportation event (P < 0.001) may have affected the percent shrink, as all cows had decreased percent shrink at each additional TRANS event; however, habituation to the procedure and (or) a decline in ambient temperature over time may have reduced the potential for transportation stress to promote shrink.
DISCUSSION
Transport is a common occurrence during cattle management as cattle can be transported at various stages of their production cycle. Therefore, it is necessary to understand how a transportation event may affect cattle. With the array of physiological and metabolic measurements taken, these data determined the TRANS event to be a stressor for pregnant cows and that temperament influenced their stress responses. The greater cortisol concentrations exhibited by the Temperamental cows pre-TRANS demonstrated their innate stress response to handling and entering a chute is greater compared to Calm and Intermediate animals. This result is consistent with studies that demonstrated handling and loading of animals onto a trailer initiated the stress response and increased release of cortisol (Trunkfield and Broom, 1990; Minka and Ayo, 2008; Burdick et al., 2010) . This experiment reaffirms the transportation event as a stressor in pregnant cattle (Lay et al., 1996) and agrees 2 Pre-TRANS glucose statistics: temperament, P = 0.023; TRANS event P < 0.001; temperament × TRANS event, P = 0.102
3 Difference between Post-TRANS and Pre-TRANS glucose statistics: temperament, P > 0.1; TRANS event, P < 0.001; temperament × TRANS event, P = 0.014. with previous findings that cortisol responses of cattle vary with cattle temperament (Stahringer et al., 1990; Curley et al., 2006; Curley et al., 2008) . Recent work in beef and dairy cattle has validated agreement between rectal and VT, providing support for the comparison of these physiological measures (Burdick et al., 2012; Suthar et al., 2013) . The increased VT observed in pregnant cows is indicative of a stress response due to the TRANS events. These results are expected as other studies have shown transportation to be stressful (Burdick et al., 2010; Burdick et al., 2011) . However, contrary to the observed results in pregnant cows and those on rectal temperature in bulls (Burdick et al., 2010) , the study by Burdick et al. (2011) did not observe an effect of temperament on the changes in rectal temperatures. This may have been due to the fact that the bulls were allowed to rest on the trailer for 2 h before TRANS. It is believed that the initial handling and loading of animals onto a trailer may be the most stressful aspects of a transportation event (Trunkfield and Broom, 1990; Minka and Ayo, 2008) . The handling, loading of the animals onto the trailer, and transport, likely caused the observed increase in VT in our experiment. In addition, there may have been other stressors present, such as the taking of the blood sample, which may also have contributed to the observed increase in VT. The decrease in peak VT observed over the course of the study in all cows may represent their habituation to the stressor but might be due to decreasing environmental temperature during the course of the experiment or increasing stage of gestation.
Shrink and BW loss are known responses to stressful situations such as transport for cattle and other domestic livestock. The pregnant cows in the study underwent shrink during each instance of TRANS, further indicating the stressful nature of a TRANS event. The observed decline in shrink over time in our study validated a previous report that repeated transportation will lead to habituation and a reduction in shrink during subsequent TRANS events (Lay et al., 1996) . Some of the decrease in shrink that occurred with additional TRANS events may be attributed to the decline in ambient temperatures, which also occurred over the duration of the study. Higher ambient temperatures are known to increase both the amount of BW loss and shrink of transported animals (Coffey et al., 2001) . Whereas other studies observed increased NEFA concentrations following TRANS (Duvaux-Ponter et al., 2003; Earley et al., 2010) , the NEFA concentrations in the current study remained relatively stable. This may be due to the longer duration of TRANS utilized by Earley et al. (2010) and the isolation from conspecifics in the goats used by Duvaux-Ponter et al. (2003) .
Together, these results demonstrate cattle may be able to habituate to a stressor such as a TRANS event over time. These findings are in agreement with other studies showing animals' abilities to habituate to a stressor after repeated exposure to the same stimuli (Lambooy and Hulsegge, 1988; Roussel et al., 2006) . Previously, an investigation involving the transport of pregnant heifers, either penned or loose, found pregnant heifers displayed less increase in glucose concentrations when an additional transport event was experienced (Lambooy and Hulsegge, 1988) . The increase in glucose concentration resulting from transport is likely due to activation of glycogenolysis and gluconeogenesis. This alteration in metabolism creates more useable energy for the animal's body and is known to be triggered by increased circulating catecholamine and cortisol concentrations in response to stress (Brockman and Laarveld, 1986) . Similar results were observed in sheep that experienced repeated isolation or transportation while pregnant. Over time, both groups of animals habituated to the stressor, as evidenced by their decreased cortisol responses (Roussel et al., 2006) . In contrast, when pregnant goats were repeatedly transported they failed to habituate (Duvaux-Ponter et al., 2003) . This may have been due to their isolation from conspecifics during transportation, as isolation is an additional stressor (Duvaux-Ponter et al., 2003) . However, the current data demonstrate temperament inhibits the ability of cattle to habituate to a transportation stressor. Specifically, Temperamental cattle display less ability to habituate than Calm or Intermediate cattle. This supports suggestions for producers to preferentially select cattle with Intermediate and Calm temperaments rather than Temperamental cattle depending on the environmental destination or intended productive function of the progeny.
The stress experienced by the pregnant cows in our study may ultimately have consequences on their growing and developing fetuses, as increased maternal cortisol concentrations have been implicated as a factor mediating effects on the offspring (Barbazanges et Matthews, 2002) . Further investigations need to be undertaken which will quantify the potential physiological, metabolic, and behavioral affects that prenatal transportation stress has on gestating females and their unborn calves. Examination of the hormonal, behavioral, growth, and immune parameters of neonatal calves born to cows transported at several key times during pregnancy will provide insights into the genetic and/or epigenetic effects of prenatal stress on postnatal health and performance. Although repeated transport in our study is confounded with day of gestation, seasonal changes (temperature), and learning from repeated handling and transport, repeated transport is a useful model of repeated stress in studying the effects of temperament.
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